Growth hormone (GH) is a peptide hormone
and is required for the growth of the animals and belongs to a family of hormones with chorionic-somatomammotropin (CS) and prolactin (PrL), and they have evolved from a common ancestral gene. In the case of human growth hormone gene family, GHand CS genes are moreclosely related to each other than to PrL gene. GHand CS genes are located on the chromosome 17 and PrL gene is located on the chromosome 6.1~3) From these data, it is postulated that the primordial gene was duplicated giving rise to two separate precursors, one for the GHand CS genes and the other for the PrL gene. The chromosomal locus of the GH and CS genes is 5'-(GH-l)-(CS-5)_(CS-l)-(GH-2)-(CS-2)-3' in the region spanning about 48kbp of DNA.4?5) In the case of various mammalianspecies, such as rat,6) bovine,7~9) and porcine,10) except for human, 633 only a single copy of the GHgene, and no other closely related sequences were reported.
Wehave previously isolated and characterized the goat GHgene.11} In the process of cloning the GHgene, we discovered two kinds of clones hybridizable with the goat GH CDNA, 12'13) and several repetitive sequences in the 5' and the y flanking regions of the genes. Short interspersed repetitive DNAsequences (SINES) are a commonfeature of all known mammalian genomes. These sequences are reported with bovine proopiomelanocortin precursor (bPOMC) gene14) and goat /? globin gene (g-/?-globin). 15) Although no definite role has been assigned to these sequences, they are structurally analogous to the Alu sequence and maybe important for the evolution of the GH genes.
In this paper, we show the mapping and nucleotide sequences of the repetitive sequences * Correspondence should be addressed to: Tohru Komano: Laboratory of Biochemistry, Kyoto University, Kyoto 606, Japan.
flanking on the GHgenes, and estimate the reiteration frequency of the sequence in the goat genome.
Materials and Methods
Construction of the goat genomic DNAlibrary. High molecular weight DNA was extracted fromthe spleen of the goat (Capra hircus L.) by the method of Blin and Stafford.16) DNAreassociation analysis (Cot analysis). Cot analysis was done as described previously.14'22)
The goat genomic DNAwas isolated from the spleen, and was sonicated to give the average fragment size of 600-800bp. The 700-bp Kpn\-Pst\ fragment containing the repetitive sequence lb (Fig. 2) was labeled with [a-32P]dCTP, and was used as a probe. The hybridization reaction was done in the presence of 20mM Tris-HCl (pH 7.4), 0.6m NaCl, and 0.2mM EDTAat 60°C. Samples of 50/il were taken from time to time and put in 1.95 ml of the SI nuclease buffer. To halves of them 50 units of S1 nuclease were added and incubated for 30 min at 37°C. The radioactivity in the trichloroacetic acid-insoluble materials was determined.
Results
To find the GH gene in the goat chromosome,genomic Southern hybridization was performed. Goat chromosomal DNA was completely digested with restriction endonucleases followed by electrophoresis through agarose gels, and the Southern hybridization was performed using goat GH CDNAas a probe. The experimental results showed that the goat GHgene was included in around the independent plaques. Based on the restriction enzyme mapping, two types of clones were obtained. One (CgGH) was the same clone as one we had isolated previously from the library11} using Charon 28 as a vector. The other (EgGH) 21kbp in length, was about 5kbp longer than CgGH (Fig. 2) .
Wefound the repetitive sequences (named as la, lb, lc, and Id) in the flanking regions of the gGHl gene and defined the consensus sequence (Fig. 3) . Based on the consensus sequence, oligonucleotides containing a part of it were synthesized, and were used as the hybridization probes for detecting the restriction fragments of the EgGH DNA. The hybridization and the nucleotide sequencing data indicated that there were 8 repetitive sequences in the EgGHDNA,and they were named as 2a, 2b, 2c, 2d, x, 3b, 3c, and 3d, as aligned in the order from 5' to 3'.
Comparison of the restriction maps of CgGH and EgGH showed that EgGH has duplicated GH genes (gGH2 and gGH3) and has the apparently inserted Hindlll-BamHI fragment containing the repetitive sequence x. The nucleotide sequence of the HindlllBamHI fragment was determined. And we found out the 491 bp inserted sequence which was not present in CgGH (Fig. 4) . The 491 bp segment contained the repetitive sequence x. The copy number of the repetitive DNAin the goat genome was estimated by the analysis of reassociation rates. The renaturation reached 50% of the endpoint at Cot=30. The Cot1/2 value of the bovine repetitive sequence was reported as 0.025 under the conditions described,14'22) and there are 105 copies of the repetitive sequence in the bovine genome. In goats, the Cot1/2 value was 30 under the same conditions, and the genome size of goat is almost the same as that of cattle (3 x 106kb/ haploid).21) From these results, it is estimated that there are 102 copies of the repetitive sequences in the goat genome.
To examine the differences in the arrangements of GHgenes among individual goats, we did genomic Southern hybridization using gGH CDNA as a probe. We prepared the genome DNAfrom white blood cells of five goats, and the DNAwas digested with the restriction endonuclease BamHI. Wecould detect the 5 kbp fragment originating from the EgGHfragment and a 12 kbp fragment in every goats. Intensities of the bands corresponding to these fragments differed among the individual goats (Fig. 5) .
Discussion
The copy number of the GHgene or other closely related sequences have been discussed on the basis of the genomic Southern analysis for manyanimals. In the case of the rat genome, The nucleotide sequence of the gGH1 gene is homologous with that of bovine GHgene. In the case of goat, two BamHIfragment of 12 kbp and 5 kbp contain the gGHgenes while, in the case of cattle, only a single BamHI fragment of 12kbp contains the GH gene. To identify the arrangements of GHgenes in the goat genome, we cloned the Bglll fragments, which contain GHgenes, in X cloning vectors and determined the restriction mapsof these fragments. Wegot two clones that contain the 21 kbp and 16kbp inserts. The 16kbp fragment contained the GH1gene and 21 kbp fragment contained the GH2 and GH3 genes. These genes were hybridizable with the goat GH CDNA, and the nucleotides of GH1 had been As we got two types of clones, one containing GH1and the other containing GH2 and GH3,
we investigated the presence of these GHgenes of individual goats. Judging from the data of the Southern hybridization experiments, using BamHldigested goat chromosomal DNA,we could detect differences in the intensities between the bands corresponding to the 12kbp and 5 kbp fragments. These results suggest that the individual goats have GH1, GH2, and GH3 with different copy numbers, and CgGHand EgGHDNAsegments may be allelic on the goat chromosome.
Wedid a Southern hybridization experiment, using the synthetic oligodeoxynucleotides shown in Fig. 3 as probes, and 12 repetitive sequences were found in the flanking regions of the GHgenes. The consensus sequence of the repetitive sequences was compared with that of the bPOMCand g-/?-globin genes (Fig.  6 ). These sequences may belong to the same family of the repetitive sequences. Watanabe et al. found out about 105 copies of the repetitive sequences in the bovine genome.14)
In contrast, we found about 102 copies of the repetitive sequences in the goat genome. These repetitive sequences may be widely distributed in the genomesof these animals. Therepetitive sequences found in the present study had the tandem repeats ofAACTGsequences or A rich sequence at the 3' end and some repetitive sequences were flanked by direct terminal repeats at the 5' and 3' ends (Fig. 3) . This is Since only 102 copies of the repetitive sequences was present in the goat genome, it is supposed that goat GHgenes have evolved in a fashion different from bovine genes. The nucleotide sequence between the Hin&lll site and the BamHl site upstream of GH3was determined. Judging from the sequence, it is evident that 491-nucleotide long DNAsegment was insertedjust 24 bp upstream of the putative transcription start site of the GH3gene. This DNA segmentcontains a repetitive sequencex (Fig. 4) . Though we could not have the evidence for the gene duplication mechanism for the GH genes, it is conceivable that the gene duplication occurred first, followed by insertion or deletion of DNAsegments. The repetitive sequences found in the present work might be involved in these processes in somemanner.
